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Abstract
Purpose: The purpose of this study was to examine the effects of landing on a combined inversion and plantarflexion surface on the ankle
kinematics and electromyographic (EMG) activities of medial gastrocnemius (MG), peroneus longus (PL), and tibialis anterior (TA) muscles.
Methods: Twelve recreational athletes performed five drop landings from an overhead bar of 30 cm height on to three surfaces: a flat surface, a
25° inversion surface, and a combined surface of 25° inversion and 25° plantarflexion. The kinematic variables and integrated EMG (IEMG) of
the three muscles were assessed using a one-way repeated measures ANOVA and a 3 × 3 (surface × muscle) ANOVA, respectively (p < 0.05).
Results: The IEMG results showed a significant muscle by surface interaction. The flat surface induced higher TA activity than the two tilted
surfaces. The inverted surface produced significantly higher inversion peak angle and velocity than the flat surface, but similar PL activity across
the surfaces. The MG IEMG, ankle plantarflexion angle, and inversion range of motion were significantly higher for the combined surface
compared to the inverted surface.
Conclusion: These findings suggest that compared to the inversion surface, the combined plantarflexion and inversion surface seems to provide
a more unstable surface condition for lateral ankle sprains during landing.
© 2014 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport.
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1. Introduction
Ankle sprains are the most predominant injury in sports1,2
with the highest injury rates reported in American football and
basketball at 1.34 per 1000 athlete exposures.1 These data are
supported by high injury rates of 76.7% reported by Fong
et al.,2 64% reported by Kofotolis and Kellis,3 and 73.5%
reported by Yeung et al.4 in all sports. In sports, ankle sprains
can occur by contact or non-contact mechanisms5 with about
77% of non-contact ankle sprains taking place during landing
movements.3
As a typical mechanism of lateral ankle sprains includes
excessive inversion when the ankle is plantarflexed5 (e.g.,
landing on someone’s foot from a jump in basketball or volley-
ball), several studies have examined ankle muscle adaptations
to inversion stress alone in the literature by having subjects
landing on an inverted surface.6–15 Chen et al.,14 compared drop
landings from a height of 0.45 m on a 25° inverted surface with
drop landing on a flat surface. The authors observed reduced
range of motion of dorsiflexion, contact and maximum dorsi-
flexion velocities, but higher contact inversion velocity in
inverted surface landing compared to flat surface landing.Apart
from studying effects of inversion, comparatively few studies
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have also examined effects of a combined inverted and
plantarflexed landing surface.9–11,14,15 Ebig et al.11 subjected the
ankle to a combination of inversion and plantarflexion of 20°.
Fu et al.16 observed increased inversion range of motion (ROM)
and maximum inversion angle while landing on combination of
25° inversion and 20° plantarflexion compared to 15° inverted
surface. As most of the inversion landing studies has used an
inversion surface of 25°14,16,17 and lateral ankle sprains
occur when ankle is in a plantarflexed position,2,5,14 it is impor-
tant to examine biomechanical responses during landing
on an inclined surface with a combination of inversion and
plantarflexion.
Inversion stress studies have utilized different inversion
perturbation protocols such as (a) inversion trapdoor,
where subjects start in a static position and are subjected to a
sudden drop from a movable surface on the platform6,9,10,12,14
and (b) landing on inversion surface, where subjects perform-
ing either step-off landing from a raised platform or drop
landing from an overhead bar onto a tiled surface.14,17,18 Zhang
et al.19 suggested that when comparing the two protocols,
ankle muscle activity should be studied using the drop landing
protocol as it could provide a more realistic situation simu-
lating a lateral ankle sprain during dynamic movements.
Lynch et al.12 reported that the speed of inversion affects
the muscle activity. This makes the case for using inversion
landing protocol as landing on a tilting surface introduces
a higher inversion velocity than walking on a tilting
surface.18
Some researchers have noted that neuromuscular
strength and reaction time of the ankle muscles at landing
appear to influence the occurrence of sprains.20,21 The
muscle activity of the lower extremities such as medial gas-
trocnemius (MG), peroneus longus (PL), and tibialis anterior
(TA) can affect the positioning of the ankle, stabilize the
joints and restrict the maximal motion by means of higher
activation levels before and after touchdown.22 These results
suggest that as the landing condition becomes more unstable,
the activation levels of the related ankle muscles should
increase.
Past studies have observed differences in kinematics or
electromyography (EMG) activities between landing on flat
and inverted surfaces. However, comprehensive information
of the ankle behavior during landing on different surface
tilting conditions is still lacking in the literature. Furthermore,
very limited information on the effects of combined inversion
and plantarflexion perturbation on the ankle kinematics and
EMG activities during landing have been seen. Therefore, the
purpose of this study was to examine effects of landing on an
inversion surface and a combined inversion and plantarflexion
surface on EMG activities of PL, MG, and TA muscles and
ankle kinematics during drop landing movement. The main
hypothesis is that landing on the combined surface would
cause increased MG, PL, and TA muscle activities compared
to that on the flat and inverted surfaces. The secondary
hypothesis is that landing on the combined surface would
create greater ankle inversion ROM compared to landing on
the inverted surface.
2. Methods
2.1. Participants
Twelve healthy recreational athletes (age: 24.4 ± 4.2 years;
height: 1.74 ± 0.09 m; mass: 71.4 ± 11.6 kg; 10 males and 2
females) participated in this study. Participants did not have a
history of major lower extremity injury and had not suffered a
lateral ankle sprain within 6 months prior to testing. The
informed consent form and the study protocol were approved
by the University of Tennessee Institutional Review Board and
were signed by the participants.
2.2. Instrumentation
A 7-camera motion analysis system (240 Hz; Vicon Motion
Analysis Inc., Oxford, UK) was used to obtain the three-
dimensional (3D) kinematics during the testing. Anatomical
markers, used to define joint centers, were placed on the right
and left iliac crests and greater trochanters, lateral and medial
epicondyles and malleoli, head of the 1st and 5th metatarsals
of the right leg (Fig. 1). Clusters of four tracking markers
attached to a thermoplastic shell were placed on the pelvis,
thigh, and leg. Three additional tracking markers were placed
on the superior, inferior, and lateral heel. An 8-channel surface
EMG system (2400 Hz; Noraxon USA Inc., Scottsdale, AZ,
USA) was used to collect EMG data from MG, PL, and TA
muscles of the right leg. Disposable self-adhesive Ag/AgCl
bipolar surface electrodes were placed on the middle portion of
PL, MG, and TA muscles with an inter-electrode distance of
2 cm. The skin of the electrode attachment sites was shaved,
gently abraded with sand paper and cleaned with alcohol swab
before the application of the electrodes. The ground electrode
Fig. 1. A representative model with anatomical and tracking markers labeled.
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was placed on the head of fibula. Two force platforms (2400 Hz;
American Advanced Technology Inc., Watertown, MA, USA)
were used to collect the ground reaction force data which were
used to detect the ground contact during the landing trials.
Kinematics, force platform and EMG signals were recorded
simultaneously using the Vicon system.
A customized trapdoor landing platform was used to initiate
a 25° inversion tilt or a combined 25° of inversion14 and 25° of
plantarflexion tilt for the right foot in landing (Fig. 2). These
degrees of inversion and plantarflexion were selected after
extensive pilot testing on several combinations of the inversion
and different degrees of plantarflexion. The combination of the
inversion and plantarflexion was selected as it was the most
challenging for pilot subjects without losing their balance after
drop landing from a height of 30 cm. The trapdoor platform
(35 × 60.5 × 37.4 cm, width × length × height) consisted of a
movable top surface (30.5 × 56 cm, width × length) that was
held by one ball-and-socket joint and two releasable ball-and-
socket joints. In the flat surface landing condition, a solid
wooden box was inserted underneath of the surface (Fig. 2A).
In the inversion (Fig. 2B) and combined (Fig. 2C) landing
conditions, one (in inverted surface) or both (in combined
surface) releasable joints is released and the top movable
surface falls upon contact. In the combined surface, the ball-
and-socket joint is the single pivot point that holds the movable
surface and allows it to tilt in both lateral (inversion) and ante-
rior (plantarflexion) directions. The degree of tilting is con-
trolled by the inverted surface or combined surface of the
wooden block placed underneath the movable surface. A flat
platform (35 × 47 × 37.4 cm, width × length × height) was used
on the left side for the left leg. The distance between the two
platforms was 12 cm. For landing on both inversion and com-
bined surfaces, the flat box on the left was lowered to 31 cm to
ensure that the both feet contacted on the respective surfaces on
a similar height. The platforms were attached to the two force
platforms via double sided tapes.
2.3. Experimental protocol
The subjects began testing with a warm-up of treadmill
running for 5 min. The subjects were then asked to perform
practice landings from a height of 30 cm in order to get accus-
tomed to landing on the tilted platforms. After the warm-up, the
EMG electrodes were placed on the muscles. Three maximum
voluntary isometric contractions (MVICs) of the three muscles
were then performed individually while the subject was in the
standing position. For PL, the subject everted the ankle against
a manual resistance applied by the primary investigator. For TA,
the subject maximally dorsiflexed the ankle joint against a
manual resistance applied by the same investigator. For MG, the
subject stood on their toes against a downward manual resis-
tance applied on the shoulders. The subjects then performed
self-initiated drop landings from an overhead bar 30 cm above
the trapdoor platform with the right and left foot landing on the
trapdoor and flat platforms, respectively (Fig. 2). Each subject
performed five successful landing trials on three surface con-
ditions: a flat surface (control), a 25° inversion surface, and
combined surface of 25° inversion and 25° plantarflexion. No
instruction was provided regarding landing technique. Pilot
data depicted that landing on the combined surface without
practice often led to loss of balance after landing. Hence, the
surface conditions were not randomized for the purpose of
safety. A successful trial was when the subject was able to keep
their balance after landing on the surfaces.
2.4. Data and statistical analysis
The EMG and kinematic data were analyzed using the
Visual3D biomechanics analysis suite (4.0; C-Motion, Inc.,
Germantown, MD, USA). The raw EMG signals were first
filtered by a Butterworth band-pass filter with 25 Hz and
450 Hz cutoff frequencies.23 A root mean square (RMS) filter
with a 60-ms moving window was then applied to the EMG
signals to the full-wave rectified MVIC and movement EMG
signals. The maximum value of the three MVIC trials was used
for EMG normalization of the testing movement trials. The
EMG signals of movement trials were normalized to the
maximum MVIC value. The onset of the tested muscles were
identified by using the 10 standard deviation (SD) criterion12 in
which a muscle was considered to be active if the EMG signal
was above the mean + 10 SD of the pre-activation level, which
was adjusted interactively in Visual3D. The linear enveloped
EMG signals were then integrated for the landing phase to
obtain the integrated EMG (IEMG). The onset of the muscles
A B C
Fig. 2. Landing platforms with (A) flat surface, (B) 25° inversion surface, and (C) 25° inversion + 25° plantarflexion combined surface.
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was expressed as the time between the onset of muscle activity
and onset of the landing phase.
To determine the onset of the landing phase, two different
techniques were used based on the tilting surface. For the flat
surface, the onset (foot contact) of the landing phase was deter-
mined by a vertical ground reaction force above a threshold of
20 N. For the two tilting surfaces, two reflective markers
(Fig. 2B and C) were placed on the movable platform.When the
vertical velocity of the front reflective marker on the tilting
surface was 0 it was defined as the onset of landing phase. The
landing phase was defined as the time from the foot contact to
350 ms after foot contact.
The kinematic variables of the right ankle were computed
using Visual3D, and critical events and values determined by a
customized computer programs (VB_V3D and VB_Table, MS
VisualBasic 6.0; Microsoft, Redmond, WA, USA).14,24 The con-
ventions of 3D kinematic angles were defined by the right-hand
rule and computed with a cardan x-y-z rotation sequence in
Visual3D. Therefore, the ankle dorsiflexion, inversion, internal
rotation angles and velocities were considered positive. The
dependent variables include the ankle contact angle in sagittal
plane, peak ankle angle in sagittal plane, ankle sagittal plane
ROM, ankle contact angle in frontal plane, peak ankle angle in
frontal plane, ankle frontal plane ROM, peak ankle inversion
velocity, and peak ankle angle in transverse plane. The ROM
values were determined as the difference between peak ankle
angle and contact angle in the sagittal and frontal plane.
A 3 × 3 (surface × muscle) repeated measures analysis
of variance (ANOVA) was conducted on the IEMG and
onset of the muscles to examine the effect of the surface on each
of the muscles, with an α level of 0.05 (SPSS 15.0; SPSS Inc.,
Chicago, IL, USA). To analyze the effect of the surface on the
kinematic variables, one-way repeated measures ANOVA was
conducted across the three surface conditions. Post hoc com-
parisons were conducted to detect specific differences among
the surfaces with a Bonferroni procedure to adjust the signifi-
cant level to p < 0.0167 for multiple comparisons.
3. Results
The ankle muscles displayed significant muscle × surface
interaction among the three muscles and three landing surfaces
in IEMG (F(2, 9) = 14.98, p = 0.002). The post hoc comparisons
of individual muscles across surface conditions revealed that
the IEMG of MG (F(2, 9) = 18.79, p = 0.001) was significantly
higher while landing on the combined surface than the flat
surface and the inverted surface (Table 1). The IEMG of PL was
similar across the landing surfaces. Furthermore, the IEMG of
TA (F(2, 9) = 10.86, p = 0.004) was significantly high while
landing on the flat surface as compared to the tilted surfaces
(Table 1). The mean onset values of MG, PL, and TA did not
significantly differ across the landing surfaces (Table 2). Rep-
resentative EMG curves are presented in Fig. 3.
Table 1
Integrated electromyography (IEMG) of the ankle muscles by condition
(mean ± SD).
Muscleb Condition
Flat Inverted Combined
Medial gastrocnemius (% s) 1.8 ± 0.2b 1.7 ± 0.2b 2.8 ± 0.4
Peroneal longus (% s) 2.2 ± 0.4 2.1 ± 0.3 2.6 ± 0.3
Tibialis anterior (% s) 4.3 ± 0.5a,b 3.3 ± 0.5 3.1 ± 0.4
* Significant interaction between muscle and condition (p < 0.005).
a Significantly different from the inverted surface (p < 0.0167).
b Significantly different from the combined surface (p < 0.0167).
Table 2
Muscle onsets by condition (mean ± SD).
Muscle Condition
Flat Inverted Combined
Medial
gastrocnemius (ms)
−117.02 ± 58.72 −121.40 ± 27.38 −146.70 ± 56.49
Peroneal longus (ms) −47.05 ± 22.53 −74.96 ± 18.40 −109.65 ± 82.62
Tibialis anterior (ms) −46.93 ± 36.52 −56.40 ± 23.52 −125.30 ± 101.86
Fig. 3. Representative electromyography (EMG) signals of (A) medial gastroc-
nemius (MG), (B) peroneus longus (PL), and (C) tibialis anterior (TA) muscles
in landing on the combined landing platform. The first vertical arrow represents
the contact and the second vertical arrow represents 350 ms after the contact.
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In the frontal plane, the ANOVA results displayed a signifi-
cant difference for the ankle contact angle (F(2, 22) = 51.75,
p = 0.001) and peak ankle angle (F(2, 22) = 974.73, p = 0.001)
(Fig. 4). The post hoc comparisons indicated that both variables
were significantly lower while landing on the flat surface than
the inverted surface (Table 3). The ankle inversion ROM (F(2,
22) = 124.81, p = 0.001) was significant lower while landing on
the flat surface compared to the inverted (p = 0.0001) and
combined (p = 0.0001) surfaces. The inversion ROM was sig-
nificantly higher while landing on the combined surface com-
pared to the inverted surface (p = 0.0175). Furthermore, the
peak ankle inversion velocity (F(2, 22) = 119.2, p = 0.001) was
significantly lower while landing on the flat surface than both
the inverted surface and the combined surface. In the transverse
plane, the peak ankle angle (F(2, 22) = 82.46, p = 0.001) was
significantly lower while landing on the flat surface than on the
two tilted surfaces (Table 3).
In the sagittal plane, the ankle contact angle (F(2, 22) = 72.71,
p = 0.001) while landing on the inverted surface was significantly
higher (dorsiflexion) than that on the flat and combined surface
(Table 3). The peak dorsiflexion angle (F(2, 22) = 596.53,
p = 0.001) was significantly greater in landing on the flat surface
than on the inverted and combined surface (Fig. 4). The
plantarflexion ROM (F(2, 22) = 148.81, p = 0.001) was signifi-
cantly higher while landing on the flat surface compared to both
inverted (p = 0.0001) and combined (p = 0.0001) surfaces. The
plantarflexion ROM was also significantly lower while landing
on the combined surface than the inverted surface (p = 0.0026).
In addition, the peak dorsiflexion angle while landing on the
inverted surface was significantly greater than that on the com-
bined surface.
4. Discussion
This study was conducted to examine the ankle muscle EMG
activity and kinematics when subjected to an inversion pertur-
bation and a combination of inversion and plantarflexion per-
turbation in drop landing. The current study found a trend of
increasing muscle onset as the landing surface went from flat to
the combined surface. The high variability across the trials
could be the reason for non-significant differences (Table 2).
Fig. 4. Representative ankle angles during landing phase in sagittal, frontal, and transverse planes. Gray area indicates the SD. The x-axis is expressed as 100% of
landing phase where 0 indicates the foot contact and 100% indicates 350 ms. Positive (negative) portion of the graphs refers to dorsiflexion (plantarflexion), inversion
(eversion), and internal (external) rotation angles, respectively.
Table 3
Ankle kinematic variables by condition (mean ± SD).
Condition Condition
Flat Inverted Combined
Sagittal-plane contact angle (°) −9.2 ± 2.6a 3.3 ± 1.7b −13.1 ± 1.2
Peak sagittal-plane angle (°) 26.8 ± 2.1a,b 13.1 ± 2.2b −11.4 ± 1.6
Plantarflexion range of motion (°) 36.1 ± 11.5a,b 9.7 ± 6.8b 1.7 ± 4.6
Frontal-plane contact angle (°) 1.9 ± 1.3a,b 14.9 ± 1.0b 5.4 ± 1.2
Peak frontal-plane angle (°) −1.5 ± 1.1a,b 28.1 ± 1.0b 23.0 ± 1.7
Frontal-plane range of motion (°) −3.5 ± 3.2a,b 13.2 ± 3.2b 17.6 ± 4.5
Peak inversion velocity (°/s) 31.2 ± 12.3a,b 520.6 ± 67.6 517.0 ± 29.2
Peak transverse-plane angle (°) −8.9 ± 1.0a,b 7.3 ± 1.0 7.7 ± 1.6
Notes:A positive angle refers to a dorsiflexion, inversion, or internal rotation angle.
A negative angle refers to a plantarflexion, eversion, or external rotation angle.
a Significantly different from the inverted surface (p < 0.0167).
b Significantly different from the combined surface (p < 0.0167).
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These non-significant results are similar to the findings by
Gruneberg et al.17
The increase in MG activity in the combined surface landing
compared to the flat surface may be due to the shortened muscle
fascicles and elongated tendinous tissue as the MG muscle
eccentrically contracts in dorsiflexion during the landing phase.
The behavior of MG fascicles and tendon tissue during landing
were examined in studies by Sousa et al.25 and Hoffren et al.26
during sledge drop jumps. Sousa et al.25 observed that increase
in landing height of drop jumps (50%–120% of an optimal drop
height) on a sledge caused an increase in stretch amplitudes of
MGmuscle-tendon unit complex. The MG fascicles were short-
ened while the tendinous tissue length increased with increased
drop heights. These changes were coupled with increasing
EMG activity. Although the landing height was not increased in
the current study, the MG activity findings are supported by the
above cited studies.
In the frontal plane, the anklewent through a greater inversion
ROM while landing on the combined surface than the inverted
surface. This is mainly due to the much smaller contact angle
(9.5°) and slightly smaller peak inversion angle in the combined
compared to inverted surface condition. These ankle kinematic
data comparing the flat to the inverted surface are similar to the
results in landing on inverted surface reported by Chen et al.14 It
is interesting to note that the combined surface generated higher
inversion range of motion than the inverted surface, although
both the surfaces induced the same 25° of inversion angle. The
differencewasmainly due to the reduced inversion contact angle
in the combined surface. However, no significant differences of
PL’s IEMG between the flat surface (10.78% s) and the inverted
surface (9.03% s) were observed. Future studies are required to
shed more light on the causes of the behavior of PL activations
during landing on different tilting surfaces.
Most ankle sprain studies have mainly concentrated in inver-
sion perturbations. However, plantarflexion is also known to
cause the ankle to be at high risk of lateral ankle sprain.27
Wright et al.27 defined an ankle sprain to occur when the torque
about the subtalar joint exceeded a certain threshold. For larger
torque, a decrease in the initial plantarflexion angle caused a
decrease in sprain occurrence. Nevertheless, the increased
plantarflexion torque places the ankle in a more plantarflexed
and unstable position and therefore increases the risk of an
inversion sprain.27 In the current study, the combined platform
successfully induced a plantarflexion angle at foot contact
(−13.1°), while the contact angle was in slight dorsiflexion in
the inverted surface (3.3°). Also, the peak sagittal plane angle
on the combined surface was plantarflexion (−11.4°) and sig-
nificantly different from the dorsiflexion (13.1°) in the inverted
surface. These results suggest that the ankle was in a
plantarflexed position at contact and stayed in that position
during the landing phase whereas in landing on the inverted
surface, the ankle was not in a plantarflexed position (slightly
dorsiflexed at contact) and became more dorsiflexed during the
landing phase. Furthermore, landing on both surfaces induced
similarly high peak inversion velocity. Hence, the combined
surface of inversion and plantarflexion may predispose the
ankle to a more vulnerable position for lateral ankle sprains.
The combined tilted surface employed in this study intro-
duced a combined surface of 25° inversion and 25°
plantarflexion. This surface condition induced significantly
higher levels of IEMG of MG (10.79% s) compared to the
inverted surface (5.66% s).The increasedmuscle activity pattern
is supported by the kinematic results with higher degree of
plantarflexion (−13.1°) in the combined surface than the inverted
surface (3.3°) at contact. In the frontal plane, the combined tilted
platform produced smaller contact inversion angle and slightly
smaller peak inversion angle resulting in a greater inversion
ROM compared to that of the inversion platform. Furthermore,
the tilted surfaces introduced stiffer landing techniques of the
subjects (Fig. 4). The ankle sagittal-plane range of motion in the
inverted surface conditions was reduced to 9.8° compared to 36°
in the flat surface and this was further reduced to 1.7° in the
combined surface condition (Table 3). The increased landing
stiffness introduces greater peak ground reaction force and joint
moments and shorter landing phase,24 which requires greater
co-contraction of muscles around the ankle to stabilize the joint.
This was partially supported by the MG and PL IEMG results.
Although the IEMGvalues of PLwere not significantly different
in these two tilted landing conditions compared to flat surface,
this may suggest increased activation intensities as the landing
phase times in these two conditions should be shorter than that in
the flat surface condition.
The significantly different kinematics of the two tilted sur-
faces provides evidence that the combined surface did not
produce more inversion but higher levels of plantarflexion and
MG muscle activity. MG activity and ankle inversion kinemat-
ics support the hypothesis of this study, but PL and TA
activity was not higher for combined surface landing than
inverted surface. The combined movement of inversion and
plantarflexion does provoke a more unstable environment for
the ankle, thus inducing greater potential threat for lateral ankle
sprain. Previous studies have shown that landing on inverted
surfaces did not elicit significant differences among the
response amplitudes of PL, TA, and MG.17 The current study
provides more insight on effects of perturbation induced by the
combined tilting surface and provides some evidence that this
combined surface condition may provide a better surface con-
dition during landing for simulating lateral ankle sprains than
the inverted surface.
One of the limitations in this study is that the surface con-
ditions were not randomized due to safety concerns. The
inverted and combined tilted platforms presents progressively
more challenges to the participants in maintaining balance after
landing. Therefore, the testing conditions were not randomized
for safety purposes. It was also observed that prior knowledge
of landing on flat and inverted surfaces had no significant
effects on the pre-contact EMG activity of PL.17 Hence, the
results of this study should not be significantly influenced by
the condition testing order. The subject population in this study
was predominantly male and only two females. A study by
Zhang et al.19 found no gender differences in peak inversion
angle and velocity while performing dynamic activities such as
ankle inversion drops and lateral cutting. Additionally, the
current study analyzed EMG data from the time of foot contact
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with the platform and did not include pre-landing muscle activ-
ity, although the EMG onset values were not different among
the surfaces. Another study saw that EMG activity and onset
may be dependent on impact force estimation when landing
height was randomized.24 Since the subjects were handing on
the overhead bar prior to landing, the pre-landing position is not
comparable to regular landing tasks. As anticipation was not
excluded in this study, the pre-contact EMG could be different
for the different landing surface conditions if anticipation was
avoided. Hence, future studies should examine pre-contact
muscle activity shedding light on muscular activity during
landing with and without anticipation of surface conditions.
Due to the release and drop of the movable surface in the two
tilted conditions, the subjects actually landed from a height
slightly greater than 0.30 m in the two tilted conditions com-
pared to the flat surface condition. Therefore the interpretations
of the significant results should take this into consideration.
Future studies should also investigate joint kinetics in order to
provide further evidence of potential loading information asso-
ciated with the lateral ankle sprains.
This study was able to demonstrate that excessive inversion
alone may not be the sole cause for inversion ankle sprains.
When plantarflexion is introduced along with excessive inver-
sion, the risk of inversion sprains may further increase as inver-
sion ROM increased. This information can be used to design
better ankle braces. Most ankle braces are not designed to
restrict plantarflexion in order to accommodate performance
requirements. Therefore, ankle braces should seek a balance of
restricting excessive inversion and some plantarflexion of the
ankle. In addition to using ankle braces in prevention of ankle
sprains, strengthening exercises and balance training should be
also considered to improve strength and sensitivity of the ankle
muscles.
In conclusion, landing on the inverted and combined surface
demonstrated similar PL and TA activity, and inversion veloci-
ties. However, the combined surface produced significantly
higher MG muscle activity, smaller plantarflexion ROM, and
greater inversion ROM compared to inverted surface. These
findings suggest that although inversion alone may pose a sig-
nificant threat for lateral ankle sprains, a combination of
plantarflexion and inversion seems to introduce an even more
unstable environment for the ankle during landing.
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